The glycoprotein E2 sequences of classical swine fever virus (strain p97) were cloned, sequenced and expressed in E. coli. Result from SDS-polyacrylamide gel electrophoresis analysis of expressed proteins revealed the presence of a prominently stained band corresponding to a molecular mass of 61 kDa, which is in agreement with the predicted size from the DNA sequence. The recombinant E2 protein contained an aminoterminal tag of six histidines that could be used for purification by the nickel chelate affinity chromatography. The elution fractions of the expressed protein also contain additional bands of 40 and 35 kDa proteins, indicating proteolytic cleavages might occur. Our Western blotting result also supported that the expression of the recombinant E2 protein of the classical swine fever virus were accomplished. -KEY WORDS: classical swine fever virus, glycoprotein E2. the expression of E2 gene was under the control of T7lac promoter.
Classical swine fever virus (CSFV), bovine viral diarrhea virus, and Border disease virus of sheep are classified as members of the genus Pestivirus in the family Flaviviridae [6, 20] . The Pestivirus has a single-stranded, positive-sense RNA genome that is approximately 12.5 kb in length and contains one large open reading frame (ORF). The viral gene expression is believed to occur via synthesis of a polyprotein and subsequent proteolytic processing of the polyprotein is mediated by cellular and viral proteases [11] . Classical swine fever virus has four structural genes named C, E0 (gp44/48), E1 (gp33) and E2 (gp55). The C gene encodes the core (nucleocapsid) protein and the E0, E1 and E2 genes encode the envelope proteins. The E2 protein contains major antigenic determinants that is conserved between different strains and involved in neutralization by antibodies [18] . In the present report, we investigate on the expression of the E2 gene in E. coli and identify of the expressed product by Western blotting. An nucleotide sequence coding for the six histidine residues was introduced to the 5' end of the E2 gene. This polyhistidine tag was planned to be used for affinity chromatography purification of the recombinant protein by the nickel IMAC (imobilized metal affinity chromatography) technique.
The original plasmid pE1 contains the cDNA sequence of the CSFV (strain p97) has been described [14] and used as the starting material, and it sequence was checked again the dideoxynucleotide chain termination reaction on doublestranded DNA [1] .
The pET TRX fusion system (Novagen, Madison, WI, U.S.A.) was chosen for the expression of E2 gene in E. coli. The BamHI-SalI fragment (covering the E2 gene) was derived from the cDNA clone of pE1 as described previously [14] and was subcloned into the pET32c(+) vector. The resulting plasmid was designated as pET32cE2 ( To obtain the purified CSFV E2 protein, we adopted a single-step purification procedure. The cell extract was isolated from a 100 ml bacterial culture, and the insoluble fraction was dissolved in lysis buffer (8 M urea, 100 mM NaH 2 PO 4 , 10 mM Tris, pH 8.0) and then loaded on an equilibrated Ni-NTA resin column. The eluted fraction was analyzed by 10% SDS-PAGE and the E2 protein was visualized by Coomassie brilliant blue staining (Fig. 2C , lane 2).
Furthermore, it was tested whether the purified protein, which have been shown to be recognized by monoclonal antibody, can be used as an ELISA antigen. Purified expressed proteins were coated to enzyme-linked immunosorbent assay (ELISA) plates (Nunc, Wiesbaden, Germany) in coating buffer (Na 2 CO 3 15 mM, NaHCO 3 35 mM, pH 9.6) for 16 hr at 4°C, and then reacted with swine sera for 2 hr at 37°C. After washing with PBS-T (0.05% Tween in PBS, pH 7.2), plates were incubated with an antiswine immunoglobulin peroxidase conjugate (Sigma, St. Louis, MO, U.S.A.) for 1 hr at 37°C. The substrate 2,2'azino-bis(3-ethylbenzthiazoline-6-sulfonic acid; ABTS, Sigma) was added, and after 15 min of reaction, the color reaction was stopped by 50 µl 1 M H 2 SO 4 . The absorption values were read at 405 nm. The result obtained is shown in Fig. 3 . We found all seven anti-CSFV hyperimmune swine antisera ( Fig. 3 , samples 2-8) which showed antibody titer more than 4 fold by the END (exaltation of Newcastle disease virus) method, reacted with the recombinant E2 proteins, and the normal swine serum ( Fig. 3, sample 1 ) did not.
The expression of CSFV E2 protein in insect [3, 9] and mammalian cells [4] has been reported. However, the expression efficiency and/or purity of recombinant products by insect and mammalian cell systems was not sufficient for developing a CSFV serologic diagnosis method. We chose a bacterial system, pET Trx fusion system, which was already known to be effective for a number of other different proteins [5, 16] . The expression of heterologous proteins in E. coli has become one of the standard techniques in molecular biology. Although many expression systems are available, the T7 promoter driven system originally developed by Studier et al. is one of the most successful systems [16] , due in large part to its ability to stringently control basal expression levels. The E. coli thioredoxin (trxA) is involved in a variety of cellular functions, including the reduction of protein disulfides, sulfate metabolism, as a cofactor for phage T7 DNA polymerase and in the assembly of T7 and filamentous phages. In our study, this pET TRX fusion system has been applied and it successfully synthesized the CSFV E2 fusion protein. The expression of the E2 fusion protein which contains a tagged molecule with trxA and six histidines at its N-terminus offers an alternative fast and efficient way to obtain sufficient quantities of purified product.
Recombinant proteins carrying six consecutive histidine residues on the N-terminus can be purified using a resin containing nickel ions (Ni 2+ ) that have been immobilized by covalently attached nitrilotriacetic acid. This technique, known as immobilized metal affinity chromatography (IMAC), allows expressed proteins to be purified under denaturing conditions necessary for solubility of bacterial inclusion bodies. After unbound proteins are washed away, the target proteins is recovered by elution with imidazole. Columns can be regenerated and reused many times. For many proteins, its has been possible to solubilize the inclusion body protein with 8 M urea of 6 M guanidine-HCl and then to refold by serial dilutions or dialysis to remove the denaturant at 4°C. In our study, we obtained 5 ml of eluted solution from 100 ml bacterial culture and the concentration of expressed E2 protein was found to be approximately 25 µg/ml. Monoclonal antibodies (mAb) directed against epitopes of E2 can contribute to the neutralization of CSFV, four antigenic domains A to D had been identified at the Nterminal half of the E2 protein, and a linear epitope located at the C-terminal part of the protein. The domain A is divided into subdomains A1, A2 and A3, and is highly conserved in CSFV. The antibodies against domains A1, B and C of E2 can protect swine from hog cholera [18, 20] . It has been suggested that the N-terminal half of the E2 protein is exposed on the surface of virions and the C-terminal part is membrane-bound [22] . In this report, the E2 gene was expressed in E. coli BL21 (DE3) pLysS cells, a strong 61 kDa band was observed which corresponded to the calculated molecular weight of a Trx-E2 fusion protein, and should be included most of immunodominant epitopes of CSFV E2 protein. SDS-PAGE and Western blot analyses Antibodies were captured onto the surface of microtiter plate wells with the bacterial expressed E2 antigen and subsequently detected with horseradish peroxidaseconjugated anti-IgG antibodies. Samples to be tested were diluted by 8-fold dilution and the ELISA optical density (OD) was measured at 405 nm. Signal to noise (S/N) ratios ≥ 2.0 are assigned positive in the E2 coated ELISA. of total cell lysate indicated that the recombinant gene product was largely insoluble in the form of inclusion bodies (data not shown) and also reacted strongly with the monoclonal antibody of E2 (Fig. 2B) . In order to control and eradicate outbreaks of hog cholera, it is essential to develop a rapid and accurate laboratory diagnostic tests to assist field veterinary services with the task of eliminating infection from the pig population. Serological assays based on infectious CSFV antigens require specialized laboratory and containment facilities, and furthermore, the reproducible production of purified virus antigen for ELISA has been proven to be difficult. However, our results indicate that they may be useful for the purpose of diagnosis. Thus, CSFV-envelope protein obtained by recombinant DNA technology might replace the whole virus antigen in serological assays.
Comparison of the E2 gene sequences of CSFV strains p97 and Alfort revealed a high degree of amino acid identity of 89.9%, and 91.9% between p97 and Brescia [14] . According to our sequencing data, the coding region of E2 gene in p97 strain contains four antigenic domains A to D that have been described in Brescia strain [20] . It is possible that these domains may also play a role in the antibody recognition of our Western and ELISA analysis.
